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(57) ABSTRACT

The present 1invention 1s provided with: an injection timing
detection unit; an engine rotation speed detection unit; an
engine load detection unit; and a storing unit for storing
control data of the variation 1n optimal 1gnition timing with
respect to engine speed and engine load, and control data of
correction coetlicient pertaining to optimal 1gnition timing
with respect to the engine load at a specific fuel imjection
timing. Referring to the control data, the variation in the
optimal 1gnition timing 1s determined based on the detected
fuel injection timing and the detected engine rotation speed;
and, referring to the control data, the variation 1n the optimal
ignition timing i1s determined based on the specific fuel
injection timing and the detected engine speed, and the
deviation between the respective variation in the optimal
injection timing 1s determined.
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FIG. 7
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FIG. 8
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IGNITION TIMING CONTROL APPARATUS
FOR AN INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to an 1gnition timing control
apparatus for an internal combustion engine.

BACKGROUND ART

In order to achueve optimum values for an 1gnition signal
and a fuel injection signal of the engine, an engine control
apparatus has been known in which the optimum 1gnition
control data 1s stored 1n advance with respect to the various
control imformation regarding the operating state of the
engine, and 1n response to measurement data from an 1nput
measurement section and input data from the 1nput section
and the output information receiving section, by referring
these mput data to the optimum 1gmtion control data, the
corrected control data for the optimal 1gnition signal that
corrects the measurement data 1s calculated (Patent Docu-
ment 1).

PRIOR ART DOCUMENTS

Patent Document: Japanese Patent Application Publica-
tion No. H8-189449

SUMMARY OF THE INVENTION

Problem to be Solved

However, 1n the engine control device of the prior art
described above, 1t 1s necessary, when assuming two factors
of engine load and engine speed as the control information
regarding the engine, to prepare a plurality of control maps
cach corresponding to each injection timing. Thus, there 1s
a problem 1nvolving an effort to prepare (to fit) a control map
with the large calculation load associated.

The objective of the present invention resides in providing
an 1gnition timing control apparatus or system that can
reduce the eflorts (of fitting) to prepare a control map when
obtaining an optimal ignition timing with respect to a fuel

injection timing as well as decrease the calculation load
associated.

Mechanism for Solving the Problem

The present invention solves the problem described above
by obtaiming, at a current or actual engine rotation speed, a
deviation between an optimal 1gnition timing with respect to
a specific 1jection timing and an optimal ignition timing
with respect to a current or actual fuel injection timing, and
by obtaining a correction coetlicient with respect to a current
or actual engine load, to thereby obtain a variation or change
amount 1n the optimal 1gnition timing based on the deviation
in the optimal 1gnition timing and the correction coeflicient.

In an embodiment, the invention provides an ignition
timing control apparatus for a spark 1gnition internal com-
bustion engine which 1njects fuel directly imnto a combustion
chamber, including an injection timing detection unit for
detecting a fuel mjection timing, a rotation speed detection
unit for detecting an engine rotation speed, a load detection
unit for detecting an engine load, a storing unit for storing,
control data of variation 1n an optimal 1gnition timing with
respect to an engine rotation speed and a fuel injection
timing and control data of a correction coethicient of the
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2

optimal 1gnition timing with respect to an engine load, and
a control unit for obtaining an optimal 1gnition timing based
on the fuel mjection timing detected by the 1njection timing
detection unit, the engine rotation speed detected by the
rotation speed detection unit and the engine load detected by
the load detection unit. The control unit acquires a variation
in the optimal ignition timing based on the detected fuel
injection timing and the detected engine rotation speed by
referring to the control data, a vanation in the optimal
ignition timing based on a previously determined, specific
fuel injection timing and the detected engine rotation speed
by referring to the control data, a deviation between these
variations of the optimal 1gnition timing, a correction coet-
ficient with respect to the detected engine load by referring
to the control data of the correction coeflicient, and a
variation in the optimal i1gnition timing after correction
based on the deviation of the variations of the optimal
ignition timing and the correction coellicient.

Fftect of the Invention

According to the present invention, based on the finding
that the variations in the optimal 1gnition timing with respect
to a fuel mjection timing 1s affected by an engine rotation
speed and engine load differently, and the optimal 1gnition
timing with respect to an engine load 1s used as a correction
coellicient, the calculation load when calculating the optimal
1gnition timing with respect to a fuel injection timing may be
mitigated.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram illustrating an internal com-
bustion engine to which an embodiment of the present
invention 1s applied;

FIG. 2 1s a flowchart 1llustrating a procedure of 1gnition
timing control executed by the engine control unit in FIG. 1;

FIG. 3 1s a block diagram schematically showing the
control procedure of FIG. 2;

FIG. 4 1s a control map showing an example of a basic
control data stored in the engine control unit 1 FIG. 1;

FIG. § 1s a graph showing the relationship between the
optimum 1gnition timing and fuel injection timing due to the
change 1n engine rotation speed;

FIG. 6 1s a graph showing the relationship between the
fuel mnjection timing and the optimum 1gnition timing due to
the change 1n engine load;

FIG. 7 1s a control map showing an example of a change

amount of the control data stored 1n the engine control unit
in FIG. 1; and

FIG. 8 1s a control map showing an example of the
correction coeflicient control data stored 1n the engine con-
trol unit 1n FIG. 1.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

FIG. 1 1s a block diagram illustrating an internal com-
bustion engine to which an embodiment of the present
invention 1s applied. More specifically, the 1gnition timing
control apparatus according to the present invention 1s now
described as applied to a so-called 1mn-cylinder, direct injec-
tion spark-ignition engine EG.

In FIG. 1, an imtake passage 111 of the engine EG 1s
provided with an air filter 112, an air flowmeter 113 for
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detecting the intake air tlow rate, a throttle valve 114 for
controlling the intake air tlow rate and a collector 115
throttle valve.

The throttle valve 114 1s provided with an actuator 116
such as a DC motor that adjusts the opeming degree of the
throttle valve 114. The throttle valve actuator 116 electroni-
cally controls the opening of the throttle valve 114 1n
response to a drive signal from the engine control unit 11 so
as to achieve the required torque calculated based on the
accelerator pedal operation amount of the driver. Further, a
throttle sensor 117 for detecting the opening of the throttle
valve 114 1s provided and 1ts detection signal will be output
to the engine control unit 1. In addition, the throttle sensor
117 can also serve as an 1dle switch.

A fuel mjection valve 118 i1s provided so as to face a
combustion chamber 123. The fuel injection valve 118 1s
configured be subjected to a driving pulse signal set by the
engine control unit 11 to be driven to open and inject directly
into the cylinder a fuel that 1in turn 1s fed from a fuel pump
(not shown) at a predetermined pressure by way of a
pressure regulator.

A combustion chamber 123 is defined by a space sur-
rounded by a cylinder 119, a crown surface of a piston 120
reciprocally movable within the cylinder, a cylinder head
provided with an intake valve 121 and an exhaust valve 122.
A spark plug 124 1s mounted to be exposed to the combus-
tion chamber 123 and ignites an intake air-fuel mixture
based on an 1gnition signal from the engine control unit 11.
The present invention 1s intended to control the ignition
signal to the 1gnition plug 124 so as to maximize the output
torque 1n relation to the fuel ijection timing of the fuel
injection valve 118.

Meanwhile, an exhaust passage 125 1s provided with an
air-fuel ratio sensor for detecting an air-fuel ratio of the
exhaust, thus of the intake airr mixture by detecting an
oxygen concentration and 1ts detection signal 1s output to the
engine control unit 11. The air-fuel ratio sensor 126 may be
an oxygen sensor for a rich/lean output, or may be a broad
air-fuel ratio sensor for detecting over an air-fuel ratio
linearly over a wide range.

Further, the exhaust passage 125 1s provided with an
exhaust gas purilying catalyst 127 for purifying exhaust gas.
As the exhaust gas purifying catalyst 127, a three-way
catalyst may be used to purily the exhaust gas by performing
the oxidation of hydrocarbons HC and carbon monoxide CO
and the reduction of nitrogen oxides NOx 1n the exhaust 1in
the vicinity of stoichiometric (stoichiometric air-fuel ratio,
’=1, the airr weight/fuel weight=14.7). Alternatively, an
oxygen catalyst may be used for oxidizing hydrocarbons HC
and carbon monoxide CO 1n the exhaust gas.

On the downstream side of the exhaust gas purifying
catalyst 127 of the exhaust passage 125, an oxygen sensor
128 1s provided to detect a specific component 1n the exhaust
gas, for example, to detect the oxygen concentration so as to
provide a rich/lean output. The detection signal 1s output to
the engine control unit 11. Note that, in accordance with the
detection value of the oxygen sensor 128, by performing
correction on the air-fuel feedback control based on the
detection value of the air-fuel ratio sensor 126, a down-
stream side oxygen sensor 128 i1s provided such that a
suppression on a control error caused by the deterioration of
the exhaust punifying catalyst 127 and the like 1s achieved
(so as to adopt a so-called double air-fuel ratio sensor
system). However, when 1t 1s suflicient to perform an air-fuel
ratio feedback control only based on a detection value of the
air-fuel sensor 126, the oxygen sensor 128 may be elimi-
nated.

10

15

20

25

30

35

40

45

50

55

60

65

4

In addition, 129 1s a mufller in FIG. 1.
A crankshaft 130 of the engine EG 1s provided with a

crank angle sensor 131. The engine control unit 11 may
detect an engine rotation speed Ne either by counting a unit
crank angle signal over a predetermined time generated from
the crank angle sensor 131 in synchromization with engine
rotation or by measuring the period of the crank reference
angle signal.

A cooling jacket 132 of the engine EG 1s provided with a
water temperature sensor 133 that 1s exposed to the cooling
jacket for detecting and outputting a coolant temperature Tw
of the cooling jacket 131 to the engine control unit 11.

Note that, 1n an m-cylinder direct-injection spark-ignition
engine EG, when the 1gnition timing of the 1ignition plug 124
1s controlled to an optimal value 1n accordance with the fuel
injection timing of the fuel mjection valve 118, the output
torque becomes maximum and a fuel efliciency 1s improved.
The optimal 1gnition timing with respect to the fuel 1njection
timing 1s largely aflected by the operating state of the engine
represented by the engine load and engine speed.

FIG. 5 1s a graph which confirmed experimentally the

relationship between a fuel mnjection timing (shown by a fuel
injection  start angle 1 the horizontal  axis
(degATDC=1ndicated by a crank angle After Top Dead
Center 1n the intake stroke) and the optimal 1gnition timing
(indicated by the MBT (Maximum Brake Torque) variation
or change amount 1n the vertical axis) when engine speed 1s
subjected to 1200 rpm, and 2800 rpm, respectively. It can be
seen that the characteristics of the optimum 1gnition timing,
for the fuel mjection timing varies complicatedly due to
change of the engine rotation speed.

Meanwhile, FIG. 6 respectively show a graph which
confirmed experimentally the relationship between the fuel
injection timing (shown by a fuel injection start angle of the
horizontal axis (degATDC)) and an optimal 1gnition timing
(shown by a MB'T vanation or change amount in the vertical
ax1s) when the engine rotation speed 1s set to 1200 rpm (left),
2800 rpm (central figure), 3600 rpm (right) while setting an
engine load at 25%, 50% and 75% (shown by an engine
charging efliciency (%)) at each engine rotation speed fuel
injection start angle (indicated by degATDC)). According to
the results of the figure, along with the change 1n engine
load, the varniation or change amount of the optimum 1gnition
timing 1s increased as the engine load i1s lower. However, at
cach engine load, the fuel injection timing at which the
variations of the optimal 1gnition timing becomes a peal 1s
about the same. Further, despite the change in engine
rotation speed, the variation 1n the optimal ignition timing
with respect to the engine load 1s substantially the same. In
other words, although the absolute value of the optimal
ignition timing may change in response to the change in
engine load, the relative characteristic (profile) hardly
change. Note that the crank angle range (deg) and load
(charging efliciency %) 1n FIGS. §, 6 are not necessarily
identical.

Thus, although the optimum ignition timing with respect
to the fuel 1njection timing may be aflected by engine load
and engine speed, but the degree of influence 1s different
between the engine load and engine speed. That i1s, the
present inventors have discovered that, while the mfluence
of the optimum ignition timing with respect to the fuel
injection timing due to the change in engine speed 1is
complex, the mfluence to the optimal ignition timing with
respect to a fuel injection timing due to change in engine
load 1s relatively simple as compared to the change 1n engine
speed. Moreover, based on these findings, when the control
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data 1s configured, the calculation load for the optimal
1gnition timing may be mitigated.

Therefore, in the memory of the engine control unit 11
according to the present embodiment, basic control data
shown 1n FIG. 4, the variation control data shown 1n FIG. 7,
and the correction coellicient control data shown 1n FIG. 8
are stored, respectively.

The basic control data shown in FIG. 4 represents data
obtained by an experiment or a computer simulation and
shows an optimal 1gnition timing (indicated by a MBT
equivalent line 1n the graph) with respect to an engine
rotation speed (horizontal axis, rpm) of the engine EG and
an engine load (charging efliciency (%) 1n the vertical axis)
and may be configured as a control map. The specific tuel
injection timing 1s not limited in particular, but may be set
arbitrarily (In this embodiment, a constant fuel i1njection
timing 1s set throughout the entire region of rotation speed
and load). The equivalent lines 1n the figure indicates that the
optimal 1gnition timing 1s delayed or retarded (see upper leit
of the graph) as the engine rotation speed 1s low and the
engine load 1s high. Conversely, as the engine rotation speed
increases and engine load decreases, the optimal 1gnition
timing advances (see right lower portion of the graph). Note
that the specific characteristic (profile of the equivalent
lines) 1n the figure 1s only an example and does not pose any
restriction on the present invention.

The variation control data shown in FIG. 7 shows data
obtained by an experiment or through a computer sitmulation
regarding the (relative) variations or amount of change in the
optimal 1gnition timing with respect to an engine rotation
speed (rpm 1n horizontal axis) and a fuel imjection timing
(deg ATDC 1n the vertical axis) and may be configured as a
control map, for example. The variations or change amount
in the present embodiment correspond to the fuel 1njection
start timing and the optimal 1gnition timing 1n crank degrees,
“deg”. The equivalent lines 1n the figure shows that the
variations in the optimal 1gnition timing 1s smaller as the
engine rotation speed 1s lower and the fuel 1njection timing
1s delayed or retarded (1n the figure, indicated by “small” and
thus relatively more retarded or delayed as compared to
“large”). On the other hand, the vaniations in the optimal
1gnition timing will be larger as the engine rotation speed 1s
higher and the fuel 1njection timing 1s at the retard or delayed
side (1in the figure, indicated by ““large™ and thus relatively
advanced as compared to “small”). Note that the specific
characteristic 1n the figure (profile of the equivalent lines) 1s
only an example and the no limitation 1s posed on the present
invention.

The correction coeflicient control data shown 1n FIG. 8 1s
data obtained through experiments or computer simulation
and represent a rate of varnations in the optimal 1gnition
timing with respect to an engine load while assuming the
correction coeflicient (gain) bemng “17 (1.e., correction
amount 1s equal to “0”) at a predetermined load when the
variation control data shown 1n FIG. 7 has been acquired.
Instead of a control map shown, a functional expression of
an engine load and correction coeflicient or rate may be
used. The characteristic 1n the figure shows that the correc-
tion coetlicient becomes smaller as the engine load 1s higher.
Note that the specific characteristic (profile) line 1n the figure
1s only an example and does not pose limitation on the
present mvention.

As described above, the fuel mjection timing at which the
variation of the optimum 1gnition timing with respect to a
change in engine load becomes the peak 1s about the same,
and the movement of the variations in the optimal 1gnition
timing with respect to engine load 1s about the same. In other
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words, although the absolute value of the optimal 1gnition
timing with respect to an engine load may change even at a
change 1n engine rotation speed. Specifically, although the
absolute value of the optimal 1gnition timing may vary in
response to change of engine load, the relative characteristic
(profile) does not substantially change. Therefore, with
respect to a current or actual engine load detected, by
considering only a correction coetlicient with respect to
change in engine load, the calculation process may be
simplified and the number of control maps may be reduced
accordingly.

Now description 1s made of a control procedure.

FIG. 2 1s a flowchart illustrating a procedure of 1gnition
timing control executed by the engine controller 11.

In the following steps, the engine rotation speed 1s
detected by a crank angle sensor 131, an engine load 1is
detected by an accelerator opening sensor 134, and a fuel
injection timing i1s detected at predetermined time intervals
from the control signal of the engine control unit 11.

First, mn step ST1, by substituting or applying detected
engine speed and detected engine load to the basic control
data shown 1n FIG. 4, a basic optimum ignition timing at a
specific injection timing 1s calculated, which 1s indicated by
reference ST1 1n FIG. 3. Note that this step ST1 may be
performed sometime before step ST7 so that 1t can be carried
out immediately before step ST7, for example.

In step ST2, by applying the detected fuel 1njection timing,
as well as the detected engine rotation speed to the vanation
control data shown in FIG. 7, a variation in the optimal
1gnition timing 1s calculated, which is indicated by reference
ST2 in FIG. 3.

In step ST3, by applying the specific fuel injection timing
when the basic control data in FIG. 4 has been acquired and
the detected engine rotation speed to the variation control
data 1n FIG. 7, a variation i optimal igmition timing is
calculated, which 1s shown by reference ST3 1n FIG. 3.

In step ST4, by applying the detected engine load to the
correction coeflicient control data shown 1n FIG. 8, a cor-
rection coeflicient (gain) for a variation in optimal 1gnition
timing 1s calculated, which 1s indicated by reference ST4 in
FIG. 3.

In step STS, a deviation 1s calculated between the varia-
tion 1n the optimal 1gnition timing calculated 1n step ST2 and
the variation 1n the optimal 1gnition timing calculated 1n step
ST3, which 1s indicated by reference STS in FIG. 3. Note
that 1t 1s suflicient for this step ST5 to be performed
somewhere between step ST3 and step ST6. Thus this step
may be performed immediately after step ST3.

In step ST6, by multiplying the deviation of the vanations
in the basic optimal 1gnition timing as calculated 1n step ST1
by the correction coeflicient (gain) calculated in step 4, an
optimal 1gnition timing after correction 1s calculated in step
ST6 the deviation of the variation 1n the optimum 1gnition
timing calculated as indicated by reference ST6 in FIG. 3.

In step ST7, by adding the basic optimum 1gnition timing,
calculated 1n step ST1 to the variation 1n the optimal 1gnition
timing after correction, a final optimal 1gnition timing 1s
calculated as indicated by reference ST7 1n FIG. 3.

As described above, according to the i1gnition timing
control apparatus for an internal combustion engine accord-
ing to the present embodiment, with respect to engine
rotation speed, an optimal 1gnition timing control data (FIG.
7) with respect to a fuel injection timing 1s required per the
engine rotation speed. However, with respect to the detected
engine load, since the variation in the optimal i1gnition
timing may be corrected by a linear equation that calculates
a correction coethicient of the optimal 1gnition timing with
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respect to change in engine load. Thus the necessity of
referring to a plurality of control maps 1s removed so that the
preparatory effort (for fitting process) of the control maps
and the calculation load associated will be reduced.

In the 1llustrated embodiment, the variation control data in
FIG. 7 1s set by a relative vanation in the optimal 1gnition
timing with respect to an engine rotation speed and a fuel
injection timing. In addition, 1n step ST5 1n the tlowchart, a
deviation between variations 1s calculated, 1.e. a deviation
between the variation in the optimal 1gnition timing with
respect to the detected mnjection timing and the variation in
the optimal 1gnition timing with respect to the specific
injection timing 1s calculated. Alternatively, the control data
of the variation in the optimal ignition timing may be
previously stored as a vanation from the optimal 1gnition
timing at a previously determined fuel injection timing, and
by acquiring the variation in the optimal 1gnition timing
based on the detected injection timing and the detected
engine rotation speed, a deviation between the variations 1n
the optimal 1gnition timing may be configured to be calcu-
lated.

The control unit 11 corresponds to the injection timing
detection unit or mechanism, storing unit or mechanism and
control unit whereas the crank angle sensor corresponds to
the rotation speed detection unit according to the present
invention, and the accelerator pedal opening sensor 134
corresponds to a load detection unit according to the present
invention.

DESCRIPTION OF REFERENCE SIGNS

EG . . . engine (internal combustion engine)
11 . . . engine control unit

111 . . . intake passage

112 . . . air filter

113 . . . air flow meter

114 . . . throttle valve

115 . . . collector

116 . . . throttle valve actuator

117 . . . throttle sensor

118 . . . fuel mjection valve

119 . . . cylinder

120 . . . piston

121 . . . intake valve

122 . . . exhaust valve

123 . . . combustion chamber

124 . . . spark plug

125 . . . exhaust passage

126 . . . air-tuel ratio sensor

127 . . . exhaust purification catalyst
128 . . . oxygen sensor

129 . . . muiller

130 . . . crankshaft

131 . . . crank angle sensor

132 . . . cooling jacket

133 . . . water temperature sensor
134 . . . accelerator opening sensor

The invention claimed 1s:
1. An 1gnition timing control apparatus for a spark 1gnition
internal combustion engine which mnjects fuel directly 1nto a
combustion chamber, comprising;:
an 1njection timing detection unit for detecting a fuel

injection timing;

a rotation speed detection unit for detecting an engine

rotation speed;

a load detection unit for detecting an engine load;
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a storing unit for storing a first control data of variation 1n
an optimal ignition timing with respect to an engine
rotation speed and a fuel mjection timing and a second
control data of a correction coeflicient of the optimal
ignition timing with respect to an engine load; and

a control unit for obtaining an optimal 1gnition timing
based on the fuel injection timing detected by the
injection timing detection unit, the engine rotation
speed detected by the rotation speed detection unmit and

the engine load detected by the load detection unit,
wherein
the control unit 1s programmed to:

acquire a first variation in the optimal 1gnition timing
based on the detected fuel injection timing and the
detected engine rotation speed at a predetermined
load by referring to the first control data;

acquire a second vanation i the optimal 1gnition
timing based on a previously determined, specific
fuel injection timing and the detected engine rotation
speed by referring to the second control data;

acquire a deviation between the first and second varia-
tions of the optimal 1gnition timing;

acquire a correction coeflicient with respect to the
detected engine load by referring to the second
control data of the correction coetlicient; and

vary the fuel injection timing based on a corrected
optimal 1gnition timing after correction based on the
deviation of the vanations of the optimal i1gnition
timing and the correction coeflicient.

2. The 1gnition timing control apparatus for an internal
combustion engine as claimed in claim 1, wherein
the first control data of vanations in the optimal 1gnition
timing 1s stored as the variation from the optimal
ignition timing at the previously determined, specific
fuel 1njection timing, and
the control umt acquires the deviation of the first and
second variations in the optimal 1gnition timing by
acquiring the first variation based on the detected fuel
injection timing and the detected engine rotation speed
by referring to the first control data in the first and
second variations of the optimal 1gnition timing.
3. The 1gmition timing control apparatus for an internal
combustion engine as claimed in claim 1, wherein
the storing unit stores basic control data of an optimal
ignition timing with respect to an engine rotation speed
and an engine load at the specific fuel injection timing,
and wherein
the control umt acquires:

a basic optimal 1gnition timing at the specific fuel
injection timing based on the detected engine rota-
tion speed and the detected engine load by referring
to the basic control data, and

an optimal 1gnition timing based on the basic optimal
ignition timing and the vanation of the corrected
optimal 1gnition timing.

4. The 1gmition timing control apparatus for an internal
combustion engine as claimed in claim 2, wherein
the storing unit stores basic control data of an optimal
ignition timing with respect to an engine rotation speed
and an engine load at the specific fuel injection timing,
and wherein
the control umt acquires:

a basic optimal 1gnition timing at the specific fuel
injection timing based on the detected engine rota-
tion speed and the detected engine load by referring
to the basic control data, and
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an optimal 1gnition timing based on the basic optimal
ignition timing and the second variation of the cor-
rected optimal 1gnition timing.

G e x Gx ex
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